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FOREWORD

This experiment was conducted to verify theoretical calculations
of well tlhickness effect on the shielding characteristiczs of a concrete
blockhouse in & uniformly contamipated fall-ab field. The work was

within the scope of Task Number 1A022601A089-01, "Studies and Investi-
gations, Atomic Defense Techniques.”
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This experiment was conducted to verify thecretical calcula-
. tions of wall thickness effect on the shielding characteristics of a
concrete blockhouse in a uniformly contaminated fallout field.
? Two gaama emitters, cobalt 60 and cesium 137, were used to
e simulate uniform planes of contamination. The doce rates at various locas
f{, tions within blockhouses with well thickness of 48 psf, 93.7 psf, anc
;( 139 psf were measured with ionization-chamber dosimeters. Reducticn
& facvors were calculated from the data taken at the center detector
"~ positions and compared with reduction factors computed from the
theoretical calculations of Dr. L. V. Spencer, National Bureau of
Z, Stendards.
;, 1. Experimental and theoretical reduction factors 3 feet and
%‘. 6 feet above the center of the concrete blockhouse agreed within
= +15 percent for a uniformly contaminated plene of cobalt 60, and
within £20 percent for cesium 137.

- 2. Cobalt 60 and cesium 137 radiation show approximately
o] exponential attenuation of dose rate as a function of wall thickness
B ranging from 48 to 139 psf for detector heights of O (ground level),

3, and 6 feet.

R

g

4

MILITARY APPLICATION

§‘$f Radiation hazards caused by fallout from nuclear explosicns
5 require the military to take advantage of all possible means of
{g‘,

shiclding to protect both the field armies and perscnnel in fixed
military instellations. One means of obtaining protecuion is to
utilize available above-ground structures; however, the military
comnander mvst be furnished with quantitative estimates of the pro-
tectiop afforded by available structuces. Spencer's mothod gives

. the means of obtaining this guantitative estimate of protection
capebilities of structires. An experimental check on the accuracy
of this method 15 essential.

Wx? R
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ATTENGATION OF FALLOUT RADIATION AS A FUNCTION
OF CONCRETE BLOCKHOUSE WALL THICKNESS

CHAFTER I

INTRODUCTION

1.1 OBJECTIVES

This report presents one phase of a shielding program designed
tc test the validity of theoretical calculations for predicting the
shielding efforded by structures aguinst fallout radiation.

The specific objective of this experiment was to verify
thecretical calculations of the effect of wall thickness on the
shielding characteristics of a concrete blockhouse in a uniforfly
contaminated fallout field.

1.2 +CKGROUND

An atomic or thermonuclear weapon detonated on or near Lae
surface ¢f the ground produces radicactive fallout. This fallout
is taken into tb. atmosphere and distributed over the surrounding
area in a pattern determined by the prevailing meteorological con-
ditions. This radicactive fallout, covering roofs of buildings and
the surrounding ground, constitues a major hazard to the surviving
population. lecause of this, Judicious use must be made of all
remaining above-ground structures for protection from the radiation
hazard caused by the fallout. It is essential, therefore, to know
d ¢ how much protection can be expected from these structures in a
fallout field. This information is obtained by direct measurement
or calculation.

Some experimental work on structure shielding has been done on
typical residential structures” and on relatively simple structures®
in simulated fallout fieldc. Because of geometric differences
between one building and another, however, these results could only
be applied directly to similar structures. Recently, a prediction
wethod developed by Dr. L. V. Spencer at the National Bureau of
Stardards (NBS) becawe available. This work, contained in Dr.
Spencer's moncgreph on structure shielding , formed the basis of
the Office of Civil Defense (OCD) Engineering Manual® used by
engineers and architects to predfct the protecticn afforded by
existing and proycsed structures against fallout radiation. Al-
though some of the assumptions and calculations made by Dr. Spencer
vere based on experimeatal work, a need existed for a full scale
experjmentai check of the entire prediction methcd. The
most logical approach to such an experiment was to begin with a
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simple type of structure, and then Droceed to more complex structu-zs.
Thercfore, a simple blockhouse was chosen as the experimental structure.
The results of experiments ccnducted to determine the effect of roof
thickness on the garma dose rate inside the blockhouse have been ree
ported previousl) . The present report concerns the gsmma radiation [
penetration through the walls of the blockhouse.

1.3 THEORY

Details of the calculations involved in developing Spencor's
prediction method are repgrted in his monograph on structure shielding
against fallout radiation . The monograph was designed to predict -
the shielding characteristvics of any structure if certain physical
parsmeters {dimensions, construction materials, wall thickness, etc.)
are known.
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Spencer accomplished this by reducing as much as possible the
nuzber of independent parameters characterizing a fallout radiation
shielding problem. Fallout distribution was assumed to be of unaform
dengity ard of infinite extept, The charging energy spectrum that
occurs after the detonation of a weapon was resolved by calculating
data for three different energy spectra, namely (1Y 1.12-hour faission
products, (2) cobalt €0, and (3) cesium 137. The differences in the
density and the shielding characteristics of construction materials Ve
of variocus buildings were simplified by converting to a parameter v
called effective mass thickness (X) with the dimensions of weight :
per unit area. The expression for this parameter is

X=2(2/A) p o (2.1)

Where: \Z/A)'is Jhe ratio of atomic charge, Z, to atomic mass number, A,
averaged over the constituent elements of the material.

p is the density of the material
& is the barrier thickness

The dimensionless factor 2(Z/A) is very nearly unity for most
amportant construction materials, such as wood, brick and concrete;
consequently, the effective mass thickness for these raterials ~
nearly equals the tiue mass thickness, defined as weight per unit
area.

Structure shielding analysis may be visualized by examining
Figure 1.1, takea directly from Figure 20.1 of Reference 3. Figure 1.1
shows a blockhouse, similer to the sctructure studied in the present
experiwent, with fallout on the roof and on the surrounding ground.

It is desired that the dose rate be determined at detector position A
at the center of the building, so that at that point the shielding
effectiveness of the structure can be detemined
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Figure 1.1 Blockhouse, with fallout on_roof £ni grownd
(Pigure 20.1, L. V. Spencer ).
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A convenient measure for the shielding effectiveness is the (dose)
reduction factor Ry for the center point inside the structure. This
reduction factor is defined as the ratio of the dcse rate. Dy, measured
at the detector point A inside the ctructure to the free field dose
rate, Do, measured by an unshielded detector 3 feet above the infinite
and uniformly contaminated plane source, i.e.:

By = A (1.2)
Do

The dose rave at detector Dy is due to radiation from all d-rec-
tions. Because of the low density of air, most radiation will travel
in straight lines from the points of emergence from the walls. Thus,
the radiation pene“rating the roof 25 due prawarily to fallout laying
on the roof, plus shyshine (from ground contamination), which is
significant for relatively thin rcofs. The radiaticn penetrating the
walls originates from fallout on the ground surrounding the building.
Since, as pointed out by Spencer, the radiation penetrating tbe roof
will have little semblance in intensity or directibnal distribution
to radiation penetrating the walls. 1t is approvriate to separate
the detector response acccrdingly.

In Figure 1.1, devector positions B and C, ,ust inside and out-
side the wall, represent points at the same height as detector
position A. Radfation from ground contaminstion that contributes to
the detector response at position A must first pass through the wall
material and then travel through the distance between the wall and the
detector. The total reduction of detector response at A can be repre-
sented as the product of two factors. The tarriexr redvction factor
accounte for the attenuvation °f radiation by interactions with the wall
wateria., clearly, this factor i1s a function of the mass thickness X of
the wall. It should be noted that the ratio of the response of detec-
tors placed at positions B and C provides a very gcod estimate of the
magnitude of the barrier reduction factor. The geometry reduction
factor allows for further reduction of the radiation intensity due %o
the finite distance between detector positions B and A; obviously,

“his factor is a function of *the soiid angle fraction ® subtended by
the wall as seen from the detector position A. A4 wmore detailed anal-
ysis reveals that the geometry reduction factor depends also on the
mass thickness X of the wall as an additional variable.

The procedures, using Spencer's method, for calculating the
reduction factors for the blockhouse are snown later in Section 3.4.
Certain basic paramevers, such as effective wass thickness, X, and
the solid argie fractions, are easily calculated. From these, other
factors are ovtained directly from charts ana graphs in Spencer'’s
wonegraph.
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CHAPIER 2

EXPERGMINTAL EQUIPMENT A «0 PROCEDURES

2.1 BLCCKHOUSE

The blockhouse is shown in Figure 2.1. The inside dimensions
of the square structure were 12 by 12 by 8 feet. The floor and the
basic 4-inch-thick walls were poured concrete. Wall thicknesses
were added in increments of 3 13/16 inches, or 45.7 psf, to a totsl
thickness of 11 /8 inches, or 139 psi.

TAELE 2.1 WALL THICKXNESS OF CONCRETE BLOCKHOUSE

Wall Thickness Mass
Number of Concrete Thickness

inches psf

L 48
7 13/16 93.7
* 5/8 139

For convenience, the mass thickness (psf) will be used to
indicate the sppropriate wall thickness in subsequent sections
of this report.

The 2-by-2-foot windows, centered in three of the walls,
were filled with concrete blocks to the same thickness as the
walls. The fourth wall contained a 2-by-6-foot doorway. A
48-psf sliding door (Figure 2.2) was installed to shield out
the ccntribution of scettered radiation through this opening.

Supporting “‘he roof materials was a 10-inch wide flange
beam {Pigure 2.1) that spanned the top of the strocture at the
nidpoints of the walls having opposing windows. Tae rcof
for the L8-psf and 93.7-psf walls coraisted of 1 ./3‘;’ inches of
steel supported by a 1/2-inch iayer of plywood extending from
the flange bean to the tops of the oppesing walls. The mass
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tnickness value cf this roof was 50.2 psf. The roof for the 139-psf
wall, however, was increased to 91.5 psf by replacing the steel
with two layers of 3 12/16-inch thick concrete block supported

by k-inch steel chamnels extending from tr> flange beam to the tops
of the opposing walls. The thickness of the rcof was increased to
eliminate the contribution of scattered radiation through the ~oot.
Thus, the dose rates at the detector positions were considered te
represent only radiation penetrating the walls.

2.2 FALLOUT SIMULATION

2.2.1 Source Positions. A continuous distridution of fallout
radiaticn was simulated by dividing the field about the test
structure into an array of squares and by placing a point isotropic
source at the center of each. Instead of having sources at each
of the points simultaneously, a single source was moved over the
successive centers until the total area represented was covered.
Because of the symmetry of the experimental structure, only one-
eighth of the surrounding fallout field required simulation. Image
detector positions were-placed Within the structure to obtain the
dose contribution for the entire field.

Figures 2.3 through 2.5 show the source positions in relation-
ship to the blockhouse. These figures show that the contaminated
area is bounded by twe straight lines intersecting at an angle of
45° at the center of the structure.

The grid spacing was chosen so that the outside dimension of the
structvve wes a multiple of the grid spacing adjacent to the
structu.e. The overall size of the L8-psf wall building vas 152 by
152 inches. Thus, the individual grid spacing for the 48-psf wall
vas 25 1/3 by 25 1/3 inches, or 4.b6 £t3. To reduce the number of
dose-rate measurements, the grid area was increased by a factor
of L after every third row.

A similar pattern was followed in determining the source
positions for the 93.7-psf wall. The overall size of the building
increased to 160 by 160 inches; therefore, the size of the grid
adjacent to the bleckliouse was 26 2/3 by 26 2/3 inches, or
%.93 £t*, Likewise, the grid area was increased by a factor of
4 after every tnird row.
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(Pigure 2.3a).
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Except for Row A, the same grid size used for the 13%-psf
wall was used for the 48-psf wall. Row A was divided into five grid
areas (see Figure 2.5) rather than the four used for the 48-psf
wall to facilitate area representation by the single point source.
The grid size in Row A was 17 1/3 by 21 inches.

2.2.2 Detector Positicns. The detector laycut is shown In
Figures 2.5 and 2.7- Figure 2.6a is & plan of the building showing
the position of the primary detectors with respect to the walls of
the building, and Figure 2.6b shows the detector positions with
respect to the floor. This information is surmarized in Table
2.2.

TABLE 2.2 YPOSITION OF DEVECTORS INSIDE BLOCKHOUSE

Perpendicular Perpendicular
Detector Distance to Distance to Height Above
Position Wall I Wall II Floor
feet . feet feet

i
n

S
n

=
N-

*
MEHmuaQAoQw>
W £ OW O
Mo e NV
AN OW =
Nw &L ow vww

<

¥ Note: This detector position was at ground level directly above the
center of a 16 by 16 by 16-inch hole in the center of the
blockhouse.

Primary detectors (capital letiers) and image detectors (small
letters) were placed within the building as shown in Figure 2.7.
Figure 2.8 illustrates the method employed to determine the dose
rate at the primary positions usiug oniy one-eighth of the field
about the structure. In Figure 2.3a, it was desired to measure
the dose rate within the structure, at position A, from radiation
originating from contaminant in the four shaded squares and in the
four unshaded squares. Because of symmetry, the source-barrier-
getector arrangement could be represented by three image detector
positions so as to cbviate plscing a source in three of the four
shaded areas of Figure 2.8a. Furthermore, fcr each of the detector
positions, there was an unshaded square contributing the same
radiation field as a sheded area. Therefore, the unshaded area

T R R A R R N
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Figure 2.6& Plan of primary detector positions within
biockhouse.

Rur o R ST R




suot3Tsod 2030999 JO SUOTILsoTe FUTMOUS UOTF09E QG2 Sxudyg

0 o\! ﬁ

t4
' v
tnt .N%

£9'0' e 35

><;zooo\q

SMOONIM

v avo L i s VS B ke M A el 4 okt MRS e bbb




*sucTaysod J030330p afewy pus Ayemtxd Jo weyrd L2 sxmItg

komioog

le— 11OM #}942u0)

AN
supiing so Y
10uoBD 10N
N\

p
mOpum— + rtov:_k

*—J 1IOMm

MOPUIM

P | iy v awA b
P Y * s ronb o SR AN rtl mym\ wv S gt S e B v«mﬂwﬁgféggl v ko




*JUsmeBUBIIE J0409300 TEIUSHISdXS JO UOTFRISNITI §'2 Sanftd

“ly uoytisog *AlUO |'ON OOy 83iN0S 103 £INIONNS

RI0Wiig 3y 910y 9300 FUWINAQ 10 J0UI0D Iy 9iOY 8800 LjWIINQ O

04 $uUGWOBUDIIY |DJURWIIEdXT |ONIOY UD|d 10499130 PUY 92INOS PRINQLIING
“ o

q
-

uojiisod
25JN0S Ju10g

) ¢N DAay 9din0S

|'ON Doy 9D4n0S

AT R A ST At o e i

A i PO BB 50 42> S A Tt A




ety o

vt

BP0 uar sy

L\iay

iy

T P B T

R

B Al T 2 s

contribution could be accounted for by doubling the contribution
indicated by a source at the center of a shaded area. As an
exsmple, the dose rate, Dy, at position A for the eight contaminateq
arecas shown in Figure 2.8 was

Dy o= Ay * Dyy * Day t Dyy) (2..)

For the renter devector positions, the three image detector
positions were superimposed upon the primary position. There .re,
the dose rate at a center position for the above-mentioned contami-
nated areas was eight times the single dose-rate measurewent.

As shown in Figures 2.3, 2.4, and 2.5, the diagonal arcas
uwe - ‘reated as right triangles and the source was placed at the
ui~.oint of the hypotenuse of the triangular area. In determining
the continuous distribution dose rates it was necessary to halve
the single dose-rate measurements to properly weight this area.

2.3 RADIOACTIVE SOURCES

The gamma radiation sources used in these experiments were
cobalt €0 and cesium 137, (Figuces 2.9 and 2.10). Cobaelt 60,
enitting 2 gamma photons of 1.17 and 1.33 MeV, was used in source
stresgths of 0.346 curies, 3.25 curies, 98.7 curies, and 395 curies.
Cesium 137, emitting a single gamma photon of 0.561 MeV, was uzed
in source strengths of 1.32 curies, 8.69 curies, and 100 curfes.

2.4 SOURCE HANILING EQUIPMENT AND PROCEDURES

In simlating faliout contawminaticn with point sources, the
high intensity radicactive sources were exposed remotely to
insure personnel ssfety. and were exposed close to the ground
to simulate ground contamination. The following methods were
useéd to accomplish this:

1. Dirvect placement of source on the ground

2. Airlift system alone

3. Airlift system with tilter

L. Airlift system with tilter and reverse-airflow system

The first method involved remwoving the source from the
snicid with & permanent magnet and quickiy placing it Sna
plastic holder resting on the source position. This procedure
was used only with the 1.32-curie cesivm 137 source and the
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OUTER PLUG (FRESS FIT}
TYPE 410 MAGNETC
STAINLESS-STEEL

OUTER CONTAINER
TYPE 316 STAINLSSS-STEEL

INNER PLUG (PRESS FIT)
TYPE 316 STAINLESS-STEEL

INNER CONTAINER
TYPE 316 STAINLESS-STEEL

Cs™7 Ci, ACTIVE MATERIAL

J

Etnngth Dimensions of Active
of Dimension Material

Source A P Dismeter | Height

curies inches inches

1.32 0.252 0.925 1.181 0.157 0.157
8.69 0.329 1.38 1.754 0.236 0.22k
100 2.492 1.575 1.950 0.394 0.505

FOTRRUTURNGIIN SR e T 0]

£
%
17:.
1
i
s
I
<
;Q»:
=
=
&
L
&
:

Figure 2.10 Detail of construction of cesium 137 sources.
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0.346-curie cobalt 60 source for the positions of Rows A, B, and
C with the 48-psf wall.

A section drawing of the airlift system is shown in Figure
2.1i. Briefly, the system consisted of the source, the shield,
and & riser-tube assexply. To 1ift the source from its lesa
chizld, a lead plug was removed and & stainless steel riser
Plug, containing two concentric aluminum tubes, was inserted
into the cavity of the shield. An air hose near the base of
the aluminum tubes was connected to an electrically operated
alr compressor that forced air down the outer aluminum tube
and under the source, pushing the source upward into the alumi-
ma tube. A preset stop rod in the riser tube controlled the
height to which the sourc~ would move. The source remained
suspended in the aluminum tuabe until the power to the air
compressor was turned coff.

The airlift system alcre was used only for Row P through
Row R {Figure 2.4) where it vas not required that the source be
positioned near the ground. A% these points the source-to-detector
distances were large; therefore, the difference in slant thickness
ikrough the blocknouss walls was insignificant whether the source
was n2ar the ground or as mich 83 2 feet above the ground.

VRELOWE WY ah arep gy o
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Begiraning at Row D, unere it was necessary to position a high-
activity source near the ground (source could not be handled manually),
the airlift system was used in conjunction with tne tilting mechanism,
Figuare 2-12. This device consisted of a two-wheeled trailer with
mounted supporte holding two trunniors. A face plate was welded to
tee adjacent encs of each trunnion. Adapter plates with bolt holes
wers welded to oppcsite sides of each shield to match the plates on
the trunnion. The shield was pluced between tbe plates and bolted
in place. With the riser tobe clamped in place, the shield was
tilted by remotely activating & 110-velt AC ratic motor. This
roter drove a systen of pulleys and V-belts that reduced the ro-
tation speed and caused the shield to tilt to about 110° from the
vertical. The source ves then ejected from the shield with the
air compresscr. Source height above the ground was adjusted,
prior to exposurs, by means of a positicning rod of the sauc
lergth as the riser tube. At source positions near the duilding
(Rows D and E), the height of the source above the ground was
approximately 3 1/2 inches. t source pesitions farther from
the blockhouse it vas sometimes necessary to place the source
as much as 8 inches above the ground so that the source would
*see” the entire building. The source vas returned to the
shield by uprighting the ri.er tube and shield. An average
detector response was determired for the dose contribution during

ot e Tk PG S b e O R T
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Wire Attached To Clip
For Releasing Stop Rod
In Case Sovurce Sticks
In Rissr Tube

Rope Attached To
Arm On Trunnion
For Uprighting Shield
In Case Of Motor
Fallure

Rope Attached To
Eccontric Arm Fo

Relecsing Tension
On V-Balts

110V Geor Motor
And Pulley V-Bait
System Providing
Shield Tilt Rate Of
2rpm

P 2 A 6 AT, AT e

Stop Rod

Aluminum Riser
/Tube

Shown)For
Elevating
Sovurce

From Shietd

Lead Shield Bolted
To Rotating Shutts
Of Tilter

Portable Two-
Wheelsd Cort

Leveling
Screws

Figure 2.12 Shield tilter.
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the time that the source traveled from the ground pesition tc nearly
above the shield. This contribution was subtracted to give the
detector response while the source was at ground level.

The fourth and final source-exposure method, the airlift system
and tilter with the reverse air-fiow system, was employ~d for source
positions near the blockhouse where the well thickness under study was
too great to permit use of & low activity source. Since the dose
contributed while the source was being returned from the grou .d
position to the shield would be a sigrificant pert of the total dose
reaching the detector, it was undesirable to use the tiiler mechanisam
with the normal air-l1ift system. This system, shown in Figure 2.13,
entailed the use of an adapter (an aluminum tube the same inside
diameter and wall thickness as the riser tube) which was threaded
on the upper end of the riser tube. A rubber hose was attached to
a smul) aluminum tube extending from the cap of the adapter. This
tave apd the air inlet at the base of the riser tube were connected
to opposing outlets of two, remotely operated, three-way solenoid
valves whick controlled the darection of the flow of air. With air
pressure being supplied by a compressor pump, air could either b:
made to flow through the shieid, pushing the source to the end of
the adapter, or to flow through the adepter, thus, pushing the
source back into the shield. This method was used to expose a
high-intensity source to a height of 1/ 2 inch above the ground at all
source positions of Rows A, B, and C with the 93.7-psf and 139-psf
walls.

To reduce the number of source-positicn measurexents, a method
was devised for estimating the dose rate at as many source positions
as possib.e. Sufficient radial lines were drawn from the center of
the building to the boundery of the experimental radiation field so as
to pass through each source position. Results of the dose-rate
measurezents for the 90 source positions for the 48-psf wall thickness
indicated thet, for the center detecter positions, a plot of the dose
rate versus horizontal distance from source to detector for ths source
positions on & given raaial line yielded a straight line on log-log
paper. Therefore, for the greater wall thickness, the dose rate at
many source positions could be estimated by obtaining sufficient
points to construct the dose-rate distance curve. The source posi-
tions for which this grocedure was used are irdicated in the tables
of the appendix.

2.5 INSTRUMENTATION

2.5.1 Rediation Detectors. Quanitative measurements of
the dose inside the blockhouse were obiained with the following
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air-equivalent fonization chamber dosimeters and charger-reader
(Figure 2.14)

Dosimeters: Victoreen Model 239, Range: 0-10 mr
Victoreen Model 208, Range: O-1 mr

Charger-Reader: Victoreen Model 287 Mincmeter

These detectors were calibrated against s Victoreen Model
130 dosimeter, range O to 0.25r, charged ani read cn & Victoreen con-
denser r-meter model 70, which had been calibrated by the National
Bureau of Standards (NBS)®. The calibration was made at two energy
levels, 215 keV and- 1,250 keV. The correction factor for cesivm 137
was obtained by linear interpolation for 661 keV photon energy level
bet the two ed energies. It was estimated that the correc-
tion factors were accurate within %3 percent.

When taking dose ts, the de.imeters were exposed
for a time suffjcient to give a reading of not less than 50 percent
of full scale. Readings could be reproduced within i1 percent of
ful) scale. The total dose received by a dosimeter was recorded
with the time required for the expcsure. This information was
converted to dose rate in milliroentgens per hour.

2.5.2 Survey and Detection Instruments. Survey and detection
instruments inciuded the following:

Tracériad Mrdel SU3 Laboratory Monitor
Nuclear-Chicago-Model 2586 Survey Meter (Cutie-Pie)
Victoreen Mod ) 389 Survey Meter (Thyac)

The Tracerlab Model SU3 laborator, monitor was used to indicate
the exit and retwrn of the source to the shield. This system, in
conjunction with an electric timer, was also used to determine the
length of the exposure time.

The survey meters were used to estimate the dose rate within
the blockhouse at the various detector positions.

2.5.3 Miscellaneous Instrumentstion. Correction factors were
necessary to correct the responses of the dosimeters to standard

stmospheric conditions (C°C and 760 ma Hg).

Atmosg.eric pressure was measured by a U. S. Army Signal Corps.
meroury barcmeter. The instrument could be read to #0.1 mm Hg.

Air temperatures were measured by & Yellcw Springs Instrument
Co. Model Ll Telethermometer equipped with a Model 495 thermistor
air probe.
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2.5.4 Field Laboratory Facility. A 16-foui-square wooden
building near the edge of the test area providec a reasonably dust-
free place to charge and read the dosimeters. A 32-inch thick concrete-
block shielding wall was erected along two sides of ‘the building <o
reduce the radietion level sufficiently to allow continued occupancy
by test personnel and to permit dosimeters to be read while the field
test was in progress.

3
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CIAPTER 3

EXPERIMENTAL AND THEORETICAL RESULTS AND DISCUSSION

3.1 DATA TREATMENT

Table 3.1 is a sample data sheet showing the treatment o1 the
radiation measurements for the 48-psf wall from one source position.
The radiation dose measurements were corrected for atmospheric
conditions, radicactive decay, and dosimeter calibration, and normalized
to yield the dose rate for a source strength of 1 curie. The normalized
dose rates were recorded on analysis sheets as shown in Appendix A,
Tables Al through A6. The point-source data were then integrated to
obtain the dose rate from a square radiation source field with uniform
contamination density. For example, in Table A-l, the sum of the dose
rates 3 feet above the center of the floor of the blockhouse from the
source positions of Row A (source positions 1l-U4), multiplied by 8 and
by the area simulated by each source position, shows the dose rate at
this location, if Row A completely surrounded the building.

3.2 INFINITE FIELD DOSE RATES

In these experiments the radiation field could be constructed
only to a finite distance from the blockhouse; whereas, in an actual
fallout field, the dose rate at a detector location within the
building is due to an effective infinite field of contamination.

The infinite field dose rates within the blockhouse were determined
by extrapolation based on experimental open field dose rates given
in Reference T.

From data provided in Reference 7, the dose rate 3 feet above
the open field was Cetermined for the same source geometry and source
strength per unit area as that used for the blockhouse wall and roof
penetration measurements. Contaminant located on the roof for the
blockhouse measurements was located on the ground for the opén field
measurements. Tables 3.2 and 3.3 show the dose rate 3 feet above
the open field for cobalt 60 and cesium 137, respectively. The
physical size of the source area is indicated by the distance, 4,
which is the minimum distance from the center of the field to the
outer boundary of the square simulated fallout fi=ld, or, as in-
dicated in Tables 3.2 and 3.3, half the length of the contaminated

field.
Tables 3.4 th ;.9 show the experimental dose rates within
the blockhouse in (mr/hr)/(curie/£t®) totaled throughreach square

radiation area for the center detectur positions at the 6-foot and
3-foot heights anu at ground level.

34




TABLE 3.1 SAMPLZ DATA SEEET

VAT £ Y VPR LA Mttt

H Wall Thickness: U8 psf (4 inches concrete)

H Source Position #1

¢ Source: 0.346-Curie Cobelt 60

} Atmospheric Correction Factor: 0.996

. Radicactive Decay Correction Factor: 1.093

Curie Normelization Factor (to 1 curie): 2.89
— K. M
Dosieter ] g
Detector Dose Exposure Calibration Corrected K ~

S Position Reading Time Correction Dose Rate N

: Factor

3 mr min (or/hr)/curie ‘

4 Ay 7.95 23.0 1.11 T2.4 EE
Ef a, 6.9 33.05 1.10 , 433 3
% as 0.96 5.60 1.17 37.9 4’% J
& a, 0.97 5.60 1.21 30, - =
é\g

: B 8.6 9.73 1.09 152
% b, 7.55 23.0 1.10 68.3
b by 9.05 33.09 L 57.5 J»
A b, 9.2 17.16 1.10 1
= c6 7.35 23.0 1.07 é1.5
E{E c3' 9.2 17.16 1.09 110

co* 10.0 17.16 1.15 126 W
Y 8.8 9.73 1.10 188 =
4 8.9 17.26 1.09 107 hd
3 7.0 17.16 1.08 82.8 §
d, 1.6 23.0 .15 71.6 & )
g . B4,y 6.7 9.73 .11 jLH .
%’ ekty 8.1 23500 114 7 £
E elity 7.3 33.09 1.10 45.7
el 1.7 33.09 .11 18.8
B2y 7.25 2.76 1.15 skt

4 e2', 9.8 23.0 L1 89.2

3
% e2'y 7.55 33.09 1.09 47.1
% ey, — 8.6 33.09 1.10 53.7
&
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TABLE 3.2 CUMULATIVE DOSE RATES 3 FEET ABOVE AN OPEN FIELD
CONTAMINATED WITH CORALT 60

<
Length of Fieid Curulative
2 Dose Rate

feet {ar/hr)/{curie/ft°)

2.12 28,100
.2k 69,300

Q
<«
*

6:35 101,000
8.4k 126,000
10.6 147,000
12.7 163,000
16.9 191,00
211 212,000
25.3 229,000
33.8 256,000
ha.2 277,000
50 7 294,000
67.6 319,000
8u.b 339,000
10 355,000
13¢ 380,000
169 397,000
202 411,000
270 432,000
446,000
4os 456,000

é{‘l: 7 WN{QM&WW«,« [EropR—

o

(L2 el V2

o
it

WL - QMY QW

BRSNS EE

WL oW O =R

#This portion of the radiation field would be cccupled by the
experimentel blockhwuse.
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TABLE 3.3 CUMULATIVE DOSE RATES 3 FEET ABOVE AN OPEN FIELD
CONTAMINATED WITH CESIUM 137

N e

a
v - Cunwlative
Length (2>f Field bese Rete

feet (mr/nr)/(curie %)
2.12 7,490
Lok 18,300
6.36 27,000
8.k 34,100
10.6 39,600
12.7 44,200
16.9 51,700
21.1 57,500
25.3 62,100
33.8 69,100
k2.2 74,700
50.7 79,000
67.6 85,700
.k 90,800
101 95,200
135 101,000
169 105,000
202 109,000
270 114,000
338 117,000
Los 119,000

*This portion of the radiation field would be occupied by the
experizental bdblockhouse.
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TABLE 3.4 CIMUIATIVE EZXPERDMENTAL DOSZ RATES AT CZNTEZR DETECIOR
POSITIONS, COBALT 6C, 48-PSF WALL THICKNESS

d
1ength of
Field

Cumulative Dose fates

2

Center - 6 ft | Center - 3 It

Center~Cround
level

WO o =R N R GH R Q" N QW

feet
8.54
10.6
2.7
16.9
2i.1
25.3
33.8
Ya.2
50.7
67.6
8l.k

133
169
203
210

ko5

6,670
13,250
19,100
28,8%
35,900
41,700
51,500
59,200
64,600
13,500
80,200
85,500
93,400
99,500

104,000
115,000
115,000
117,000

(e fhry] (curic/oe )

9,420
7,700
24,900
34,705
12,500
18,100
58,000
65,000
72,100
81,400
88,900
Sk, 600

103,000

110,000

114,000

121,000

126,000

128,000

3¢,300
18,300
24,500
33,500
35,800
By, 200
52,100
57,800
61,900
67,50
72,100
76,100
82,1400
87,100
90,700
95,700
99,4C0
101,500

o TR N SR Y R




TABLE 2,5 CGAILATIVE EXFERIMENTAL ICSE RATE AT CENTER DETECTOR
POSINIONS, COBALT 60, $3.7-PSF WALL THICKNESS

JLIMAIRL RN st

Vs

Cumnletive Dose Rave.
tenter - & It { Center -~ 3 ft

(mr/hr)/{curie/T¥
3,880
6,510
3,810

12,400

15,300

17,600

20,500

23,600

26,100

29,500

32,300

34,500

32,300

%3,100

41,500

1,300

46,200

47,600

z=
z
g
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=
=
-
=
=
=
=
=
=
gfg.:
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=
=
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=
=
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=
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e
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=
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TAELE 3.6 CUMULATIVE EXPERIMENTAL DOSE RATES AT CEWTER DETECTOR
POSITIONS, COBALT 60, 139-PSF WALL THICKNESS

Cumulative Dese Rates
Center - 6 £t | Center - 3 ft | Center-Ground
level

mr/hr)/(curie/ft)

666 122
1,460
2,190
3,350
4,290
5,000

. 6,190
7,120
7,800
8,770
9,630

10,200

11,200

12,100

w P>

€

£
¥
g;
=

£

E
£
x

.
b

TR R R LAY,

12,700
13,600
14,500
14,5900
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TARLE 3.7 CWMUIATIVE EXFERIMENTAL DOSE RATES AT CENTER DETECTOR
CESTUM 137, 48-PSF WALL THICKNESS

POSITIONS,

d
Length of
PField
2

Cumulative Dose Rates

Center - o ft | Center - 3 1%

Center-Grovnd
level

Mo WM omYy aw >

=t

¥

WO MO 2 R R

feet

8.45
10.6
2.7
16.9
21.1
25.7
33.8
k2.2
50.7
67.6
8h.4

101
135
169
203
270
338
o5

1,010
2,190
3,310
55350
6,930
8,200

10,100

11,600

12,700

14,200

15,400

16,400

17,700

18,700

19,500

20,600

21,300

21,900

mr/hr)/lcurie/ft?)
1,660
3,210
4,500
6,540
8,290
9,520
11,400
12,800
13,900
15,500
16,800
17,700
19,100
20,100
20,900
22,000
22,800
23,400




TAELE 3.8 CUMUIATIVZ EXPRRIMENTAL DOSE RATES AT CENTER DSTECTOR
POSITIONS, CESI®M 137, 93.7-PSF WALL THICKNESS

a

Source Length of R
Row Field Cumulative Dose Fates
2 Center - 6 £t Center - 3 1't Center-Ground

Level
feet (mr/hr)/{curie/ft°)

8.89 475 75
1.1 911 871
13.3 1,280 1,180
17.8 1,680 1,510
22.2 2,060 1,780
26.7 2,370 2,010
35.6 2,790 2,210
Uy h 3,160 2,500
53-3 3,470 2,670
L1 3,870 2,860
88.9 1,220 3,070

17 4,510 3,220
w2 4,920 3,470
178 5,240 3,690
213 5,510 3,860

Mooy QW P

Nm! B O ppog o s m s v e o ot o P SIS TG

G
H
I
J
K
L
M
N
0




TAELE 3.9 CUMUIATIVE EXPERIMENTAL DOSE RATES AT CENTER DETECTOR
POSITIONS, CESIWM 137, 139-PSF WALL THICKNESS

: Source Ien:’ch of
Row Field Cumulative Dose Pates
2 Center - 6 ft Center - 3 ft Ceater-Groand
S Tevel
3 feet (mr/hr)/(curie/ft%)
. A 8.44 26.8 52.8 62.9
B 10.6 72.2 128 1
c 12.7 130 208 209
D 16.9 240 341 310
E 21.1 329 k32 375
P 25.3 ko2 509 L3,
G 37.8 , 516 629 512
H k2.2 600 718 572
I 50.7 669 8 614 Y
J 61.6 780 09 695
K 8.k 859 998 760 :
L 101 9?1 1,070 S04

o

B T ot b AL G
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Figures 3.1 through 3.6 show the cumulative dose rates from Tables
3.% through 3.9 plotted versus d, defined as half the length of the
source field or the perpendicular distance from the boundary of the
source field to the center of the blockhouse. The top curve of each
figure is the 3 foot-high open-field dose rete obtajined from date in
Reference 7. For values of d greater than 100 feet, the resulting
curves for the various wall thicknesses show & family of curves parallel
to the open-field curve. It was assumed that the constant ratics
between the open-field dose rate ami-the dose rates at the center of
each of the three structures continued for an infinite di.tance. This
made it possible to determine the infinite field doses within the
structures based on the open-field dose rate reported in Referecucz T.

The cobalt 60 source field extended to a distance, d, of 405
feet for the 48-psf and 139-psf walls, and to a distance, 4, of 427 feet
for the 93.7-psf wall. The data from Reference 7 indicate that 92 per-
cent ¢f the infinite field dose rate was obtained by the 405-foot
field, and 92.5 percent of the infinite field dose rate was accounted
for by the 427-foot field. The infinite field dose rate 3 feet above
the floor at the center of the blockhouse (wall thickness, 48 psf), in
the cobalt 60 radiation field was determined to be

. )
| ) (3.1)
. imag ]
DCB, 0.92-

[ B
Where: L D; indicates the sum of the dose rates from source rows
b= A through R.

Similar calculations were made for the 6-foot and ground-level detector
poeitions for all wall thicknesses.

Becauae of the limited strength of the cesium 137 source, it was
not possible to obtain a radiation source field as. extensive-as that for
cobalt 60. With the L48-psf wall, the cesium 137 radiation field ex-
tended to a distance, 4, of 338 feet. A field of this size represented
92 percent of the infinite field dose. The source field for the 93.T-psf
wall could be extended only to 213 feet which included only 87 percent
of the infinite field dose, Finally, the cesium 137 source ficld for
the 139-psf wall extended only to 101 feet which represents approxi-
mately 75 percent of the infinite field dose. The infinite field dose
rates for the various wall thicknesses are summariged in Table 3.10.

Figures 3.7 end 3.8 show the'infinite field dose rate versus

wall thickness for cobalt 60 and cesium 137, respectively. The
dose rate, Dy, at zero wall thickness vas obtained by subtrlctlnqm -

=
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Figure 3.7 Infinite field dose rate versus wall thichness in the
center of the blockhouse.
Source: Cobalt £0.
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TABLE 3.10 INFINITE FIELD DOSE RATES AT THE CENTER POSITIONE COF THE
CONCRETE RLOCKHOUSE

Detector 48-pst Wall 93.7-psf Wall 139-psf Wall
Height

feet rr/hr)/ (curie/£t? ) [(mr/nr)/(curie/£t3) | (mr/nr)/{curie/ri?)

Cobalt 60
[ 127,000 k7,900 1%,600
2 140,000 51,500 16,300
0 121,000 35,400 11,100
Cesium 137]
6 23,400 5,750 1,280
3 24,800 6,160 1,480

0 15,700 4,770 1,110

the contribution of sources within the area covered by the blockhouse
from the infinite field dose rate. Both cobalt €0 and cesium 137
radiation show approximately exporvential attenuation of dose rate as
a function of wall thickness up to 139 psf for detector heights of 0
(grownd level), 3, and 6 feet.

3.3 EXPERIMENTAL REDUCTION FACTORS

The experimental reduction factors, R, were determined by dividing
the experimental infinite field dose rate, D, from Table 3.9, by the
open-fieid dose rate, Py, determined from Reference 7. Foi example,
the reduction factor 3 feet above the center of the blockhouse floor
for the 48-psf wall in a cobalt 60 field is

140,000 (mr/hr)/(curie/ft?) _ 0.282
497,000 (mx/hr)/{curie/st?)

R /D =




The reduction factor at the same position in a cesium 137 field 1s:

_ - _24,800 (mr/hr)/{curie/£t?) .
R D/D° 128,000 (mr/hr)/(curie/ft 0-19% (3-3)

1y o PTG N LI

The experimental reduction factors are listed in Table 3.11.
Also shown are the theoretical reduction factors as calculated .y
Spencer's metvhod and explained in Section 3.4.

3.4 THEORETICAL REDUCTION FACTORS

e S TRy

Detarls of Spencer's methods of obtaining the formulas used in
the calculation of the reduction factors are given in Reference 3;
therefore, no extencive discussion will be gaven in this report.

The formulas used in calculating the theoretical reduction factors
are as follows:

N N , .
theore'lcu = D/Do = h[W(X,h)/ Wal(X:h:wZ (3-2‘)

the factor of U4 converts the contribution through one wall to
account for the four walls of the blockhouse; the function
W(X,h) is the barrier reduction and is dependent upon the

effective mass thickness, X, of the wall and the height, h,
of ‘he detector above the ground.

The function ‘al(x,h,'») 1s the geometry reduction factor and is
written as follows:

Wy (X8, = B(X) Hy(n,0) + 13501 - 500)] 2, (0,0) (3.4a)

Where:

b(X) is the proportion of unscattered gamma rays estimated
by the ratio

2 x)/e(0)

P(°)(X) is a function obtaired by subtracting P(s)(x), the
total detector response due to scattered radiation from a
point source in 20 infinite homogeneous medium, from P(X),
the *%otal detector response to radiation from a point sourcs
in an irfinite homogereas mediur, or

20 (x) = p()-p{8) (x5 (3.40)




wa(h,w) is a function describing detector response to radiaticn
incident in a limited cone of directions about an axis parallel to
the primary source plane at height, h, relative to the response of a 2x
detector.

Pa(s)(ﬁ,u)) is the ratio of the detector response to scatterea
radiation from a point source incident within a cone of directions
about the radial axis from detector toO source to the toial respenss
of an isotropic detector to the scattered radiation, extrapolated
for the limit of infinjte distance from source to detector.

o e

The factor 1.15 is %n‘groduced into the expression to normalize
the point source data P {8} to the plane source date Wy.

Abivchdind

In all cases, w is the solid angle fraction subtended Ly the
wall at the detector and was calculated according to Section L,
Reference 3.

Values of all functions shown in Equations 3.4 and 3.5 were
obtained from graphs shown in Reference 3. The theoreticel results
in Table 3.11 were obtained by substituting the appropriate vz’ .u=o
in these equations.

3.5 COMPARISON OF EXPERIMENYAL AND THEORETICAL REDUCTION FACTORS

Figures 3.9 through 3.1k show the experimental and theoretical
reduction factors versus wall thickness obtained from the data showm
in Table 3.11. For cobalt 60 (except for the ground-level detector
position) the maximum difference between experiment end theory was
approxinately 15 percent. For cesivm 137 (except for the ground-
level detector position) the maximum difference between experiment
and theory was approximately 20.percent (maximum of 5 percent for

“the 3-foot height).

hredhs

£

For the ground level detector position, the theoretical re-
duction factors were higher than the experimental. For cobalt 60,
the difference between experiment and theory was as much as 45
percent; for cesiwr 137, as much as 30 percent. This greater
difference at the ground ievel detector may be attributed in part
to energy degradation caused by shielding of the detector by the
ground and to the uncertainty of the values which were used in
Equation 3.4 for calculating the theoretical reduction factors.
These were obtained from graphs which were read either from the
3-foot hei@t curve or extrapolated to zero height. Further,

's aph states that serious errors could result from
using Equation 3.4 in situations wvhere the detector is far re-
noved from being directly opposive the center of the wall, Thus,
it is poasible that the theoretical reduction factors pr ere
too conservative.
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Figure 3.9 gxperimental and theoretical reduction factors
versus wall thickness at the 6-foot height in
the center of the blockhouse. Source: Cobalt 60

57




[ i

T ey Crcen

, 0/,

©  Experimental
== Theoratical

N\

5.'.

Reduction Foctor

N\

e

0 % o0 WG &

Mass  Thickness, psf

Experimental and theoretical reduction factors
versus wall thickness at the 3~foot height in
the center of the blockhouse. Source: Cobalt 0.
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Figuve 3.12 Experimental and theoretical reduction factors
) versus wall thickness at the 6-foot height in
the center of the blockhouse. Source: Cesium 137.

£0




Do

©  Experimental
— Theorsticol

a

Reduction Factor, D/

0 60 70 80 %0

Mass  Thickness, psf

Figure 3.13 Experimental-and .theoretfcal reduction factors
~versus:wall thicknegs st the‘3-~foot height in
the center-of the dlockhouse. "Scurce: Cesium 137.
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CHAPTER b

CONCLUSIONS

4.1 CONCLUSIONS

) Experimental and theoretical reduction factors 3 feet and 6 feet
: above the center of the flcor of the concrete blockhouse with wall
thicknesses of 48, 93.7, and 139 psf agreed within %15 percent for .
wniform plane source of cobalt 60 and within #20 percen* for cesium . 37-

———

Cobalt 60 and cesium 137 radiation show approximately exponentinl
attenuation of dose rate as a function of wall thickness ranging from
48 to 139 psf for detector heights of 0, 3, and 6 feet.
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APPENDIX

Experizental Pcint Source Data

The followirg peges contain the point source data for each wall
thickness for the source positions shown in Figures 2 5 vo 2.5 of tris
report. Also shown is the dose rate contridbuticn from eack row,
obtained by converting the point source data to uniformly ccntaminatsd
area source.

Special attention is called to the notation on Tables Al through
A6, listing the data for cesium 137. ALl cesium 137 data must be
riltiplied by the factor 0.92%. This change resulted froz a recal-
culation of the specific gamma exposure rate of 1 curie of cesium 137
in air. This recalculation was made by Dr. A. Foderaro of Pennsylvania
State University while working under Nuclear Defense Laboratory
Contract No. DA 18-108-AMC-2U-A¥.

The cestun 137 data shown on the tables were normalized on the
basis of a specific dose rate of 0.39 (r/hr)/curie at one meter. The
factor 0.924 is the ratio which converts the data to the recalculated
value of 0.36 (r/hr)/curie, i.e.:

Q. r/hr)/curie
0.39 (r/hr)/curie 092k

Dr. Federaro suggests that the value of 0.39 r/br obtaired from
the Haticnal Bureau of Standards Handbook No. 5% does not take invo
account that only 92 percent of the cesium 137 &isintzegrations are
accompanied by gamma rays; the remainang 8 percent are beta transitions
to the grouna state of the daughter.

Al1 dose rates in the iext of the report have been corrected by
the above factor.

# Podersro, A., Privete Commmication Yo R. E. Rexroad, 17 January 1963.
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